Chemotactic cytokines (chemokines), the intercellular mediators, produced and released by a wide variety of cell types, are a group of small secreted proteins (8·10 KDa), which mediate host response to invading organisms (viruses, bacteria, parasites), trauma or tumor. The trafficking, recruiting and recirculation ofleukocytes, which is essential in acute and chronic inflammation is controlled by chemokines. This review introduces the three supergene families of chemokines (CXC, CC and C), with emphasis on their adhesion mechanism, biological effects, regulation of expression and critical role in different disease states in humans and in animal models with parasitic diseases.
Based upon the positioning of their cysteine residues, the chemokines have been classified into the ex (CXC), the [3 (CC) and the v (C) subgroups (1) . So, the CXC or ex chemokines that have one amino acid residue separating the first two conserved cysteine residues; the CC or [3 chemokines in which the first two conserved cysteine residues are adjacent; the C or ' Y chemokines which lack two (the first and third) of the four conserved cysteine residues. Within the CXC subfamily, the chemokines can be further divided into two groups. One group of the CXC chemokines have the characteristic three amino acid sequence ELR (glutamic acid-leucine-arginine) motif immediately preceding the first cysteine residue near the amino terminus. A second group of CXC chemokines lack such an ELR domain. The CXC chemokines with the ELR domain (including IL-8, GRO ex/[3/ 'Y, mouse KC, mouse MIP-2, ENA-78, GCP-2, PBP/CTAPIII/[3-TG/NAP-2) act primarily on neutrophils as chemoattractants and activators, inducing neutrophil degranulation with release of myeloperoxidase and other enzymes. The CXC chemokines without the ELR domain (e.g., IP-l 0/ mouse CRG, Mig, PBSF/SDF-l, PF4), the CC chemokines (e.g., MIP-lex, MIP-l[3, RANTES, MCP-112/3/4/mouse JElmouse MARC, eotaxin, 1-309/TCA3, HCC-l, C 10), and the C chemokines (e.g., Iymphotactin), chemoattract and activate monocytes, dendritic cells, T-lymphocytes, natural killer cells, B-Iymphocytes, basophils and eosinophils (2-3).
ADHESION MECHANISM OF
CHEMOKINES Leukocytes must engage several sequential adhesion pathways to leave the circulation. The mechanism of this action involves several families of molecular regulators, such as selecting integrins and chemokines, which are thought to control different aspects of this process. Inflammatory mediators (thrombin, histamine and cytokines) are released from inflamed tissue and cause the release ofP and E-selectin on endothelial cells, Lselectin on leukocytes and P-selectin on activated platelets after 3-6 hours moreover pro-inflammatory cytokines, such as IL-I, IL-4, IFN-'Y and TNF-a induce the presence of ICAM-I and VCAM-l on vascular endothelium, 12-24 hours and 6-10 hours respectively. The selectins expressed on the endothelium, mediate the attachment of flowing leukocytes to the blood vessel wall by binding to selectin ligands on leukocytes. These interactions are labile and permit leukocytes to roll along the vascular endothelium in the direction of blood flow. Selectins can mediate tethering of a flowing cell in the span of a millisecond. All selectins appear to recognize a sialylated carbohydrate component of their ligands. In order to stop rolling cells secondary receptors must be engaged. All secondary adhesion molecules belong to the integrin family, specifically leukocyte function-associated antigen type-l (LFA-I) and very late antigen-4 (VLA-4). Rolling leukocytes activate integrins when they receive signals from chemokines (IL-8, MCP-I, PAF) on endothelial surfaces. Chemokines are secreted polypeptides that bind to specific surface receptors on target cells which transmit signals through G proteins (4-7).
CXC chemokines are important factors that can positively and negatively regulate angiogenesis (5) . Those CXC chemokines that have the "ELR" motif are potent promotors of angiogenesis. In contrast, members of the family that lack the ERL motif and are generally interferon-v (IFN-'Y) inducible are potent inhibitors of angiogenesis (5) . Passive immunization of rabbits with neutralizing antibodies to IL-8 resulted in a marked reduction of neutrophil influx into the pleural space. Also, the early appearance of IL-8 in the BAL of patients at risk of developing adult respiratory distress syndrome (ARDS) may be an important prognostic indicator for the clinical development of this syndrome. Patients who progressed to ARDS had significantly higher levels ofIL-8 in the BAL than those patients who did not develop ARDS. The IL-8 levels are significantly correlated with patient mortality (6) .
In parasitic infections, immunological responses lead to immunopathological changes which are controlled by chemokines. The potential roles of chemokines after infection with different parasites, protozoan or not, include host defence functions such as leukocyte recruitment, participation in cell mediated immunity and antiparasitic activity. Chemokines play a role in immunoregulation of accessory cells of cutaneous leishmaniosis (CL). Accessory cells such as macrophages, Langerhans cells, dendritic cells etc play an important role in the interaction between the parasites and the host's immune system, because they serve as host cells, as accessory cells that present parasite antigen, deliver costimulatory signals and secrete cytokines modulating the T cell activity and as effector cells eliminating the parasites. The course of infection with Leishmania spp. parasites is determined by the type of the developing CD4+ T cell immune response. In addition it was found that leishmanial contact induced the release of interleukin (IL-8) and inhibited the production of gamma interferoninducible protein 10 (IP-I 0) by polymorphonuclear leukocytes (PMN), which lead to prevention of NK cell acti vation. Other results recently pubIished, support the notion that granulocyte-macrophage colony-stimulating factor (GM-CSF), secreted by both development forms of recombinant L. major, can activate macrophages to produce high levels of proinflammatory cytokines, such as IL-I beta, RANTES, MIP-I a and [3, MIP-2 and MCP-l which enhance parasite killing. Furthermore, subcutaneous infection of mice with L. amazonensis promastigotes had significantly delayed and depressed expression of MIP-l alpha and beta, MIP-2 in foot tissues and draining lymph nodes (LN) compared to the expression in L. major infected controls. Moreover in another experiment mice infected with Trypanosoma cruzi and treated with recombinant mouse IP-I0 resulted to a significantly increased NK cells cytotoxic activity in the LN. Other parasites, such as Toxoplasma gondii, are capable of stimulating the beta-chemokines. In murine toxoplasmosis model, recent data suggest that chemokines may playa role in leukocyte recruitment in the central nervous system (CNS) whereas infection of human CNS cells, such as astrocytes and glioblastoma cells, with T. gondii, significantly increased MCP-l secretion. Treatment of human peripheral blood neutrophils with T. gondii ag stimulate the production ofTNFex, similarly up-regulated expression of MIP-l alpha and beta gene transcripts were induced, partly resulting from autocrine stimulation through TNF-alpha. Also, murine macrophages cultured with trypanomastigote forms of Trypanosoma cruzi resulted in ND production which was found to be mediated mainly by beta-chemokines. Accumulated evidence suggests, that in T. cruzi infection several chemokines such as MIP-l alpha, RANTES and MIP-2 are important in the host immune system because they are involved in cellular recruitment, they influence macrophage/monocyte influx into target organs and furthermore, they are responsible for the control of the immunopathology observed and may playa crucial role in the modulation of the inflammatory response during infection. In a previous report we showed that BALB/c mice infected with the parasite Trichinella spiralis produced MCP-l and TNF-ex. These chemotactic factors amplify the inflammatory response through the recruitment of additional leukocytes and induce respiratory burst in macrophage that secrete reactive oxygen species that rapidly destroy parasites. Other studies have demonstrated that, mice infected orally with T. spiralis larvae develop quantitative and functional changes in the peritoneal macrophage population. These macrophages inhibit DNA synthesis of syngenic and alogenic tumor cells and kill EL-4 tumor cells: properties attributed to activated macrophages. Recently we found that BALB/c mice infected with E. granulosus respond by producing serum MCP-I as early as 20 days p.i. and we determined the serum MCP-l and MIP-2 levels as indicators for the inflammatory process (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) .
CONCLUSION
Chemokines, appear to regulate precisely, cell traffic and tissue localization of effector cells, during the innate immune response, and may augment the early defence against infection, tumors, vaccines and parasites. It seems very likely that chemokines will be the topic of future biomedical research, including immunotherapy and other inflammatory diseases. Studies contribute to an understanding of the mechanism, by which different white cells, profoundly affect inflammatory response in vivo, and may suggest that antagonist of specific chemokines may have inhibitory biological effects on inflammatory conditions. Studies, involving the antagonism of chemokines through competitive receptor binding, may help to achieve therapeutic strategies in inhibiting inflammation.
